Through experimental harvesting, followed by a 12-month monitoring of demographic attributes, we 9 tested the influence of harvesting on the population dynamics of Himanthalia elongata. We further 10 explore the data to test the hypothesis that the canopy would exert a negative effect on the other 11 developmental stages (intraspecific competition) throughout the recovery cycle of the population. This 12
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2 Among them is Himanthalia elongata (L.) S. F. Gray, a brown alga forming dense stands on temperate 29 rocky shores in the Northern hemisphere (Creed, 1995) . Unlike other members of the Fucales, it has a 30 biennial life cycle with four identifiable phases: vegetative growth, reproductive growth, reproduction 31 (gametes are released and fuse to form zygotes) and a recruitment phase during which zygotes settle on 32 chosen for its large H. elongata standing crop and accessibility. This site is dominated by rocky substrata 82 and presents a high water movement velocity. 83
Experimental design and set-up 84
The experimental design considered two treatments: one control (C) and one manipulated (M) where the 85 canopy was removed, with five replicates each. Regarding H. elongata, the French legislation states that 86 only individuals longer than 80 cm can be harvested. Harvest was realized in April 2012, by gathering by 87 hand all individuals longer than 80 cm on a 115 m² surface area. The fronds were cut at least 10 cm from 88 the mushroom-like base. Sampling was done just before frond removal (T0) and then one month later 89 (T1). Sampling frequency was then set to every two months, and then to every three months. Each sample 90 is hereafter referred to as Tn where n is the number of months since harvest. At each sampling date, five 91 0.1 m² random quadrats were sampled on each treatment zones (C and M) 92
Density, length, biomass, and developmental stage 93
Individuals were classified as early club-shaped stage, mature vegetative mushroom-shaped stage and 94 thong-like reproductive receptacles (fronds). Individuals of these developmental stages within the quadrats 95 were counted and the maximal length of each frond was measured. Maximal length was used as size 96 descriptor because length is probably crucial for survival and reproduction of individuals given that light 97 is the primary resource for algae and that longer thalli intercept more light (Carpenter, 1990). As length 98 and biomass were highly correlated in H. elongata, the relationship between frond length and dry weight 99 was examined using non-linear regressions. They were applied to fit parameters of the typical allometric 100 were recorded. An allometric length-weight equation was obtained using a power law equation. Based on 107 density, the maximal length of each individual in the quadrats in each treatment at each sampling date was 108 converted to dry weight using this equation. The average dry weight per m² could then be estimated for 109 each treatment at each sampling date, to investigate the temporal variation of H. elongata biomass, as well 110 as stock recovery after harvesting. 111
Size structure and inequality 112
The frond size structure was determined for each zone and each sampling date, for which nine size classes 113 values for all the fronds of the five quadrats of each zone. This size-structure descriptor was selected here 117 because it is the statistic that most accurately reflects the size hierarchy in populations (Weiner and 118 Solbrig, 1984) . The Gini coefficient ranges from a minimum of zero, when all individuals are equal in size 119 (perfect equality), and a theoretical maximum of one in an infinite population in which every individual, 120 except one, has a size of zero (perfect inequality). The Gini coefficient is frequently used as a measure of 121 size inequality in seaweed populations (e.g. Arenas and Fernández, 2000; Rivera and Scrosati, 2006; 122 Santos, 1995) . 123
Data analysis 124
Multivariate analyses were made to test the effect of the experimental harvest disturbance using a 125 permutational multivariate analysis of variance (PERMANOVA) design that included two factors: (i) 126 controls vs. manipulated (CsM: 2 levels, fixed), and (ii) time (T: 6 levels, fixed and crossed). We 127 examined biological responses to the harvesting disturbance for three demographic attributes (i.e. total 128 density, dry standing biomass, Gini coefficient). We also examined multivariate differences in the densityM A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 6 of the different developmental stages of H. elongata (i.e. adult fronds, button-like stages, and mushroom-130 shaped stages), using the same design as above. Analyses were made with the PERMANOVA+ add-on 131 package for PRIMER v6 (Anderson et al., 2008) . 132
Results 133

Biomass, density and Gini coefficient 134
The allometric relationship between frond length and dry weight was checked for 36 H. elongata fronds 135 ranging from 8 to 281 cm: 136
The average dry weight varied over time in both zones ( Fig. 1a) , with the highest values occurring in 138 September (T5) on the control area. The temporal variation patterns were similar in both treatments, but 139 the biomass was lower on the M treatment than on the C treatment (PERMANOVA, p < 0.05, Table 1 
Developmental stages 150
The temporal variation patterns of the frond density ( at T3 in July in the C treatment (14%) and at T8 in December in the M treatment (78%). The peak of 154 fronds observed at T8 in the M treatment was due to a high number of small fronds (n = 56) shorter than 155 13 cm, except for 2 individuals. At the same time in the C treatment, the fronds (n = 10) consisted of 40% 156 new and young fronds shorter than 6 cm and 60% of old and reproductive fronds longer than 200 cm. 157
Once reproductive tissues were lost in the C treatment, resulting in a loss of biomass, senescent fronds 158 were observed at the end of the study (T12). In the M treatment, the biomass increased from T8 to T12 as 159 the result of the growth of the short fronds observed at T8 (Fig. 1a) . 160
The density of the mushroom-shaped stage (Fig. 2b) did not vary significantly throughout the year in 161 either treatment zones and no significant differences were observed between them (PERMANOVA, p > 162 0.05, Table 1 ). The density of the club-shaped stage varied significantly over time in both treatments 163 (PERMANOVA, p < 0.001, Table 1 ). Finally, the density of the club-shaped stage (Fig. 2c) followed the 164 same temporal pattern as the total density: it significantly decreased from T1 to T3 on the M treatment, 165 and significantly increased from T8 to T12 on both treatments (Pairwise comparison, p < 0.001). Lowest 166 values were observed between T3 and T8 on both treatments. 167
Size structure and inequalities 168
Frond size structure varied seasonally during the study period (Fig. 3) . The first sample (T0) was taken in 169
April 2012 during the reproductive growth phase of H. elongata. After the experimental harvest, two 170 different population dynamics were observed in the different treatments. 171
In the C treatment, we observed that during the phase of reproductive growth, in spring (T0-T1), the thalli 172 progressively shifted from smaller size classes to larger size classes, resulting in an increase in inequality 173 (Fig. 1c) , reaching a peak at the beginning of autumn (T5) (G = 0.89). During this period, longer fronds (> 174 200 cm) were recorded, representing 100% of the frond population (Fig. 3a) . Then, the beginning of 175 (T12), the vegetative growth phase followed by the reproductive growth phase, resulted in the progressive 186 shift of thalli from the smallest size class to larger size classes. 187
Discussion 188
The regrowth of the canopy is expected to depend on newly recruited individuals and reproductive growth 189 of algae that survived the disturbance. The recovery process of the M treatment zone appeared to occur in 190 three steps: first, the reproductive fronds of algae that survived the disturbance could reproduce since 191 individuals shorter than 80 cm were not removed (T3). Second, the incomplete removal of the canopy may 192 have been favorable for the growth and development processes, allowing these remaining individuals, as 193 well as the early developmental stages (club-shaped and mushroom-shaped), to grow and occupy higher 194 size classes. Third, the transition of these early developmental stages to the final adult stage was clearly 195 visible in winter (T8) (Fig. 3b) , possibly facilitated by the absence of a dense canopy of adults. In summary, in the C treatment, cohorts present at the start of the study (T0) grew and ultimately exerted a 211 high intraspecific competition on the other developmental stages, by stopping further growth of juveniles. 212
On the other hand, M treatment seems to have reduced intraspecific competition, allowing juveniles to 213 grow. Then, the juveniles developed continuously, as seen in T8 with the high number of small fronds 214 (Fig. 3b) , permitting a fast recovery of size structure in this dynamic population. 215
Although it is widely reported that the structure and dynamics of most ecological communities are 216 Table 1 Summary of Permutational Analysis of Variance (PERMANOVA) for demographic parameters and developmental stages of Himanthalia elongata population. *: p < 0.05; **: p < 0.01; ***: p < 0.001. Factors: controls vs. manipulated (CsM: 2 levels, fixed), and time (T: 6 levels, fixed and crossed).
